Ultrasensitive detection of DNA sequences in solution by specific enzymatic labeling.
We present a newly developed technique for the direct detection of very low concentrations of specific nucleic acid sequences in homogeneous solution based on a polymerase extension reaction. This method consists of synthesizing a highly fluorescent nucleic acid reporter molecule using a sequence of the target as a template. Synthesis of the reporter molecule is accomplished by hybridizing a short complementary oligonucleotide primer to the target and extending the reporter using a polymerase and free nucleotides. One of these nucleotides is partially labeled with a fluorophore. The reaction sample is then flowed through the capillary cell of a single molecule detector. Detection of the reporter signifies the presence of the target being sought. Under carefully selected conditions, fluorescence from the reporter molecule is much stronger than that of the free nucleotide background over the detection time. We have derived practical equations that allow us to determine an optimal range of values for the relative reporter and free-nucleotide concentrations. This method allows for the rapid, direct detection of individual targets at femtomolar concentrations without the use of an amplification procedure, such as the polymerase chain reaction.